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Dihydropyrano[2,3-c]pyrazoles have been described as important 
compounds possessing anticancer, antimicrobial, anti-
inflammatory, insecticidal, and molluscicidal activities. It is 
therefore of interest to develop a method for the synthesis of these 
compounds without the use of toxic solvents or catalysis, that is 
economical, and does not have a laborious work up. Herein a 
method for a one-pot, multicomponent reaction using Zn(L-
proline)2 as the catalysis for the synthesis of dihydropyrano[2,3-
c]pyrazoles in aqueous ethanol is described. 
Abstract 
Zn(L-proline)2 is a mild, but cost effective catalyst for the synthesis of dihydropyrano[2,3-
c]pyrazoles that can easily be made in the lab. The reaction conditions are mild and the work up 
is not extensive. The catalyst can be recovered and recycled for further reactions without 
significant loss of reactivity. With the need for “greener” synthesis, our present method shows 
promise environmentally and economically.  
Experimental 
Synthesis of 3-methyl-1-phenyl-2-pyrazolin-5-one 
 0.2 mol ethylacetoacetate, 0.24 mol phenylhydrazine, and 4 
mL glacial acetic acid was refluxed with stirring for 3 hours. 
Then 20 mL of diethyl ether was added and stirred in an ice bath 
for 30 minutes. The resulting solid was collected by vacuum 
filtration, washed with diethyl ether and recrystallized in absolute 
ethanol. 3-methyl-1-phenyl-2-pyrazolin-5-one was characterized 
by melting point, 1H and 13C NMR, and IR spectroscopy. 
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Synthesis of Zn(L-Proline)2 
 20 mmol KOH was dissolved in 50 mL of absolute ethanol, 
to which 20 mmol L-Proline was added and stirred for 15 
minutes. 10 mmol zinc nitrate was dissolved in 5 mL nanopure 
water and added drop wise to the KOH solution and allowed to 
stir vigorously for 6 hours. The white solid was collected by 
vacuum filtration and washed with cold absolute ethanol. The 
product was dried in a vacuum oven at 70°C for 6 hours and 
characterized by 1H and 13C NMR Spectroscopy. 
 
 
 
Synthesis of Dihydropyrano[2,3-c]pyrazoles 
1 mmol substituted aromatic aldehyde, 1 mmol malononitrile, 3 
mL 95% ethanol, 2 mL water, and 20 mol% Zn(L-proline)2 was 
stirred together before adding 1 mmol  3-methyl1-phenyl-2-
pyrazolin-5-one and allowed to reflux with stirring for 3 hours. 
Then the ethanol was evaporated using the rotary evaporator and 
water was added to the flask and the solid product was collected 
by vacuum filtration and recrystallized in aq. ethanol. All 
products were characterized by melting point, 1H and 13C NMR, 
and IR spectroscopy. 
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6-amino-4-(Aryl)-1,4-dihydro-3-methyl-1-
phenylpyrano[2,3-c]pyrazole-5-carbonitrile
R
Reaction of benzaldehyde , 
malononitrile ,  and 3-
methyl-1-phenyl-2-
pyrazolin-5-one  at the 
presence of catalyst  in 
solvent for 3 hours. 
Catalyst (10 mol%) Solvent 
Entry Catalyst Yield (%) Entry Solvent Yield (%) 
1 DBU 72 1 Water 55 
2 (NH4)2HPO4 78 2 Methanol 45 
3 DABCO 81 3 Acetic Acid no reaction 
4 Bu4NF 39 4 Ethanol (100%) 34 
5 Zn(L-Proline)2 89 5 Dichloromethane 51 
6 THF 58 
Amount of Catalyst 7 Ethanol (aq.)  91 
Entry Catalyst (mol%) Yield (%) 
1 5 90 
2 10 89 
3 20 91 
4 30 90 
5 40 89 
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Dihydropyrano[2,3-c]pyrazoles 
derivatives 
Entry R % yield 
1 H 91 
2 4-Cl 85 
3 2-Cl 82 
4 3-NO2 90 
5 4-NO2 90 
6 3,4-OCH2O 93 
7 3-MeO,4-OH 90 
8 4-OH 88 
9 4-Br 89 
10 4-Me 93 
11 4-MeO 82 
To study the scope and limitations of this protocol, we have employed a 
wide range of aromatic aldehydes. The reaction proceeded smoothly 
with unsubstituted benzaldehyde, electron-withdrawing or electron-
releasing substituted benzaldehydes with excellent yield. 
Conclusions 
